In this paper we attempt to explain individual, ordinally comparable, satisfaction levels.
Introduction
It is generally assumed in the behavioral sciences that individuals' behavior is driven by the achievement of a higher level of well-being and that actual behavior should be seen as the reflection of that. Economists speak frequently of utility instead of well-being, while followers of other disciplines use the term satisfaction or happiness. We shall use the terms indiscriminately. In economics the utility concept is mostly introduced as an elegant and easy way to describe and predict behavior. In the theory of consumer behavior the utility function ) ( x u , defined on the commodity space X, is just a device to describe a preference ordering between commodity bundles. Indifference curves are described by the equation
where c is a constant. The function ) ( x u may be estimated from observing consumer choice behavior, i.e. via revealed preferences.
Nevertheless, the function ) ( x u cannot be completely identified. In principle any monotonic transformation )) ( ( x u ϕ will describe the same net of indifference curves and the maximization of )) ( ( x u ϕ will yield the same choice behavior as the maximization of ) ( x u . This brought Pareto (1904) , Robbins (1932) , Samuelson (1945 ), Houthakker (1950 , and Debreu (1959) to the idea of viewing utility as an ordinal concept, describing a preference ordering only.
Psychologists observe that individuals are more or less satisfied with respect to a specific situation, position, etc. Furthermore, people are able to evaluate their position on a scale between a 'worst' and 'best' case. This can be done on a verbal scale, for instance, consisting of the five categories 'very bad', 'bad', 'neutral', 'good', and 'very good' or on a numerical scale, for instance, by assigning the evaluation 1 to the worst situation and 10 to the best situation.
Psychologists for over 3 decades have used subjective questions regarding individuals' satisfaction with life or happiness. With respect to 'satisfaction with life as a whole ' Cantril (1965) developed a question module, which has been asked in various forms since 1965 to over a million of respondents in thousands of questionnaires all over the world (see Veenhoven, 1997) . Similar question modules have been developed by Rensis Likert (1932) , yielding the Likert-scale, Visual Analog Scale, etc. See also Bradburn (1969) . The question which we use is the following "On a scale from 0 to 10, whereby 0 stands for 'extremely unsatisfied' and 10 for 'extremely satisfied', how would you rate your life as a whole?"
The answers to this question are termed satisfaction levels. Besides asking for satisfaction with life as a whole, which we call general satisfaction (GS), we may also ask for the satisfaction with respect to the individuals' financial situation, their job, their health, etc.
We speak then of Domain Satisfactions (DS). In the German data set, which we are studying, questions for general satisfaction and several domain satisfactions have been posed.
If , as generally assumed, individuals are driven by the achievement of a higher level of satisfaction, understanding and analyzing the determinants of satisfaction over a population seems a necessary condition to understand human behavior. In order to do so, we have to be pretty sure that responses of different persons are interpersonally comparable. In other words, it has to be the case that individuals' answering similarly to such satisfaction questions are enjoying the same level of well-being. Is this plausible?
Obviously, satisfaction is not a physical phenomenon which can be easily and objectively measured. However, it is well known (see Shizgal, 1999) that there is a strong positive correlation between emotional expressions like smiling, frowning, brain activity, and the answers to the satisfaction questions. Satisfaction levels are also predictive in the sense that individuals will not choose to continue activities which yield low satisfaction levels (see Kahneman et al., 1993; Clark, 1998; Frijters, 2000) .
Two recent psychological findings encourage the view that the levels of satisfaction found are also interpersonally comparable within a given language community. The first is that individuals are able to recognize and predict the satisfaction level of others: in interviews in which respondents are shown pictures or videos of other individuals, respondents were quite accurate in identifying whether the individual shown to them was happy, sad, jealous, etc (see eg. D iener and Lucas, 1999) and 'very bad', into roughly the same numerical values (see Van Praag (1991) ).
These recent findings form the basis of this paper: we will assume that individuals belonging to a specific language community interpret satisfaction questions in the same way and consequently that their answers to questions on satisfaction and well-being are interpersonally comparable.
As already mentioned, besides the GS we may distinguish also specific domains 
, will co-determine the domain satisfactions.
Finally, it may be that the way in which GS is shaped, given DS, depends also on the vector x. Hence, our general model will be:
In this paper the objective of our study is to estimate the simultaneous system
The model is graphically illustrated in Figure 1 . probit or logit (see Clark and Oswald, 1994; Blanchflower and Oswald, 2000) . However, we do not know of standard methods by which it is possible to estimate a whole system where all or most variables are ordinal and discrete. Secondly, we have to correct for the fact that there are unobserved individual characteristics that are likely to be correlated with observed individual characteristics. Section 2 describes the method we will apply. In Section 3 we describe t he data set, extracted from the German Socio-Economic Panel (GSOEP). We use the period 1992-1997 covering around 18,000 households. In Section 4 we formulate the specific model to be estimated. The panel character of the data set leads to the inclusion of fixed time effects and individual random effects, as well as leveland shock-effects. In Section 5 we present and discuss the estimates. Section 6 concludes.
The paper builds on Plug and van Praag (1995) , Plug (1997 ), van Praag and Frijters (1998 ), van Praag and Plug (1999 , Frijters (1999) . 
Method
In t his section we describe and discuss the estimation method. There are two particular problems which have to be faced. The first problem is that the observations with respect to satisfaction are discrete. The second complication is that the satisfaction concept is ordinal. We shall consider the two aspects jointly.
It is now well-established (Blanchflower and Oswald, 2000; Clark and Oswald, 1994 ) that satisfaction may be explained by ordered-logit or -probit methods. There is a collection of I ordered verbal labels (for example 'bad', 'sufficient', 'good') or a set of I numerical values (for example 1 to 5 or 0 to 10). Individuals describe their satisfaction level by crossing on the appropriate category. The choice decision may be described by the model
where F is a utility or 'satisfaction' function, depending on a vector of characteristics x , a parameter vectorθ , a random variable ε , and a set of nuisance parameters i µ . The last are traditionally called the intercepts. In the ordered probit model, which we shall use throughout this paper, it is usual to assume F(.) to be a linear function in x , and ε to be 
Assuming without loss of generality that x, itself a random vector, has an expectation zero, we have 0
Using a first-order Taylor expansion we may write
where
. We notice that the standard normal density is bounded
and 0 ) ( = X E by assumption, it follows that ( )
Let i f stand for the fraction i n the sample of those respondents who answered i DS = . As the sample fractions tend to the marginal probabilities it follows that ( ) ( )
by definition. We notice that this remarkable fact has already been derived by Olsson (1979) . See also Ronning and Kukuk (1996) . It is also interesting that this holds irrespectively of θ . If 0 Ronning and Kukuk (1996) and Olsson (1979) . Actually, and this is not widely understood, the choice of a specific distribution, be it the normal or the logistic, coupled with a linear expectation, implies a specific cardinalization.
A major question is the applicability of ordinal utility functions. What can we do and what can we not do with them?
Let us assume that we have another utility function, say
whereϕ is a monotonically increasing function, and that we assume thatε has another distribution than the standard normal. There are two types of problems which can be tackled with cardinal utility functions. Say ( )
are the utility functions of two individuals, and both utilities depend on two variables. The first type of problems is that where we try to measure inequalities between persons. Here we have to compare differences in utility. It is obvious that, except if (.) ϕ is linear, utility differences before and after transformation will be different. Hence, such normative problems as a rule cannot be handled with an ordinal utility concept. They can be handled if we accept a specific cardinalization, but then the outcomes will depend on the cardinalization chosen.
The second type of problems deal with substitution ratios. How much is necessary of 1 x , to compensate for a loss in 2 x . This second type of substitution problems will yield the same solution independently of the choice of ϕ . In other words, they can be handled by the ordinal utility concept. What matters are the substitution ratios between 1 x and 2 x , keeping utility constant. Let
It follows that substitution ratios do not change under a monotonic transformation of the utility function. It follows that applying the ordered probit model does not imply a cardinal restriction for 'substitution' problems.
One of the curses of discrete measurement is that the latent variable, in this case ε θ + ′ x , cannot be exactly observed. Hence, if we try to estimate GS where
We cannot put in 'observed' values for j DS . As far as we can go, is to construct a consistent estimate of j DS . For an individual n we have the model
Let DS be observed to be situated in ( ]
where we use the well-known results, derived by Stewart (1983) (see also Greene, 1991, p.753 and Heckman, 1976) .
Longitudinal aspects
In the present context we shall consider a longitudinal data set. All observations for individual n are dated with an additional index T t ,..., 1 = . Then we assume that the disturbance term jnt ε may be decomposed as
where jn v is the individual random effect, and jn v and jnt η are mutually independent. The inclusion of jn v enriches the longitudinal model. It admits correlation between jnt ε and
, which is a natural idea as part of the error termε will stand for omitted variables which are constant for the individual n over time. For individual effects, referring to different domain satisfactions j and j ′ we assume jn v and n j v ′ to be mutually independent as well. Although there is something to say against this assumption, we shall assume that any correlation is removed by the joint explanatory variables for the two domains.
Moreover, assuming otherwise would pose insurmountable computational problems in the discrete context.
We estimate the panel model in (17)- (20) 
We notice that for each ) 6 ,...,
In the model given in the previous section we shall replace the unobservable DS 's by the conditional expectations S D as in equation (21).
Summing up, the stages of the estimation procedure are the following. First, we estimate the DS 's by ordered probit equations. Afterwards we estimate GS by ordered probit, where we replace the explanatory variables DS by their best-estimated counterparts, S D .
Data description
The empirical analysis of the paper uses the German Socio-Economic Panel another would reduce or increase happiness is unclear. The same holds for the switch from worker to non-worker or vice versa. The transition frequencies are not large, thus, the impact of our simplifying assumption cannot be large (see also Hunt, 1999; Hunt, 2000) .
General Satisfaction (GS) is defined by means of the question developed by Cantril (1965) , quoted in section 1. In a similar way GSOEP poses questions with respect to job, financial situation, house, health, leisure, and environment satisfaction. Some summary statistics of the data set are summarized in Table 1 .
Satisfactions are scaled on a 0 -10 scale as in the original questions. Table 1 also presents the average monthly net income in German Marks.
2 The GSOEP is described in Wagner et al. (1993) . The GSOEP is sponsored by the Deutsche Forschungsgemeinschaft and organized by the German Institute for Economic Research (Berlin), and the Center for Demography and Economics of Aging (Syracuse University). We are grateful to these institutes and the project director Prof. Dr. G. Wagner for making this data set available. need an econometric analysis. This is the objective of the next section.
Estimation Results

Domain Satisfactions
The specification of domain satisfaction equations will always be debatable. We choose our specifications with a view on the literature, the availability of variables in the data set, and on the basis of our own intuition. We would like to be 'parsimonious'. Finally, we evaluated our specification on the basis of statistical significance, plausible values of the estimates, etc. We discuss the specifications for each domain along with the estimation results. There are, however, some structural features which apply to all equations. Given the panel data we naturally include a time effect as a year dummy. As for individual effects, we decompose the error jnt ε
where jn v stands for the individual random effect. We have
and
Analogously, it stands to reason to decompose the effect of the explanatory
where x stands for the average of x over time. Notice that per individual and hence for the whole sample the two terms are uncorrelated.
This addition has been first suggested by Mundlak (1978) Maddala, 1977, p.202) . These mostly insignificant effects are not shown. It is interesting to notice that working income seems to be a much more important aspect of job satisfaction in the East than in the West, while working hours have a non-significant influence on Western job satisfaction but are positively evaluated by Easterners. * This is the minimum of the quadratic form in ln(age).
Financial Satisfaction
Age effects are strongly prominent and even more so for non-workers. West-workers reach minimum satisfaction at the age of 44. In the East it lies at 56. This may also have to do with differences in wage/age profiles and career patterns. For nonworkers the age pattern is much more pronounced with a minimum at 38 for non-workers the effect is less pronounced. In the latter case we may expect that the adults will produce more in kind in terms of household production. The effects of children on financial satisfaction is rather pronounced and negative, where it seems to be stronger in the West than in the East. 'Living together' has a positive effect, and male respondents are less content than female respondents. Savings have a mild but positive effect. * This is the minimum of the quadratic form in ln(age).
Housing Satisfaction
The age effects are similar in the West and the East, always with a minimum about 29. Family income and 'rent' (all the monthly housing costs) have a strong positive effect on housing satisfaction. A higher rent probably implies a nicer and better situated house. The n umber of children and adults have the expected negative effects. The education effect is negative on both, East and West, although not significant for the West. Higher educated people are more critical on their housing conditions. * This is the minimum or maximum of the quadratic form in ln(age).
Health Satisfaction
Not surprisingly health satisfaction falls monotonously with age. Health satisfaction increases significantly with income. While the shock effect is not significant, the level effect is significant and f airly strong. This is not surprising given the existing evidence (see, for example, Smith, 1998) . We neglect here the children effect.
Individuals with higher education are significantly more healthy. Working males are more satisfied with their health than females. * This is the minimum of the quadratic form in ln(age).
Leisure Satisfaction
The age effect is U-shaped with a minimum at about 35 for workers and 32 for nonworkers. Family income is not a strong factor for leisure satisfaction. More education leads to less satisfaction with leisure. It seems that there is a tendency of people enjoying their leisure best when they are alone. Both, the presence of adults and that of children have a negative effect on leisure satisfaction, and living together has also a negative although only significant for Eastern non-workers.
Males enjoy their leisure more than females. Not unexpectedly the number of working hours has a strong negative effect on leisure satisfaction. The number of hours actually spent on leisure has a small positive effect. * This is the minimum of the quadratic form in ln(age).
Environment Satisfaction
Finally we look at the environment satisfaction, i.e., satisfaction with the surroundings where the individual lives. Again, age is an important factor. Workers with more income enjoy the environment more, the effect is non-significant for non-workers. More education has a negative effect, but this is only significant for Easterners.
General Satisfaction
In Table 8 we present our estimates for the explanation of general satisfaction (GS). We do this by applying ordered probit on the general satisfaction question (given in section 1). We include the domain satisfactions. Again, we admit for shock-and level effects by means of applying the Mundlak device. As a matter of fact, the domain satisfactions will settle for most people at a nearly fixed level, approximated by the average over the observation period (Diener and Lucas, 1999) . Especially for job, financial, and health we may expect temporary fluctuations. Technically we do this as follows.
We have for the latent variables DS consistent estimators as given in equation (21) (see Stewart, 1983) . General satisfaction is modeled as: The results for the GS equation have been tabulated in Table 10 . The estimation includes, as for DS, fixed time effects and individual random effects. We notice that apart from the explanatory variables there is a quite remarkable individual effect, which accounts for about 30% of the total variance. * This is the minimum of the quadratic form in ln(age).
The results in Table 10 give a picture of the complex phenomenon behind human wellbeing. First we see that general well-being is an amalgam of various domain satisfactions.
The level effects of the DS are tabulated below: We see that the level effects for the four subsamples are showing nearly the same ranking and are mostly of the same order of magnitude. The three main determinants in order of magnitude are finance, health, and job satisfaction. Housing, leisure, and environment seem to be much less important. It may be that there are other well-being determinants,
i.e. marriage quality, health of children, etc., but in this data set information on those aspects is not available.
Now we look at the shock effects of the domain satisfactions, as given by the second block above in Table 10 . It appears that the shock effect of health is larger than of finance, except for East workers. The sensitivity for health seems to be lower in the East that in the West.
The time dummies incorporate several effects, including any effect from inflation, any effect from average circumstances on individual satisfaction, and any trend effects in satisfaction. If we only allow for this last interpretation, these dummies indicate both for Western workers and non-workers a steady decline in well-being from 1992 up to 1997.
For Eastern workers and non-workers the patter is different. After an initial decline Eastern workers experienced an increase in well-being until 1995 after which it seems to fall again. For Eastern non-workers we see an initial fall but an improvement of conditions after 1994.
The non-zero coefficients of some of the explanatory variables (age, education, gender, living together) indicate that general satisfaction is not completely predictable from the domain satisfactions but that objective variables have also a separate direct effect. Males are consistently less satisfied than females.
Conclusions
In this paper we have made an attempt to measure the individual's domain and overall satisfactions. We have postulated a simultaneous equation model where general satisfaction is explained by exogenous shock and level variables, and by the values of the satisfactions with respect to six distinct domains of life. We showed that it is possible to model and estimate a model for subjective satisfactions as any econometric model. The results are statistically very significant and plausible.
The main conclusions of this paper are:
1.
Given the fact that we get stable significant and intuitively interpretable results, the conclusion seems justified that the assumption of interpersonal (ordinal) comparability of satisfactions cannot be rejected.
2.
It is possible to explain satisfactions to a large extent by objective measurable variables.
3. Domain satisfactions are strongly interrelated because of common explanatory variables.
4.
General satisfaction may be seen as an aggregate of the six domain satisfactions.
Obviously, this study is a first step which has to be replicated on other data. Moreover, it is easy to think of a number of refinements. Nevertheless, we believe that there is ample evidence that the answers to subjective questions can be used as proxies for satisfaction.
Using these proxies, general and domain satisfactions are to a large extent explainable.
The consequence is that we have found a very interesting instrument for the evaluation and desing of socio-economic policy.
Finally, this study suggests that the individual evaluation behavior may be seen, with all the natural caveats, as a kind of input/output mechanism. Given specific values of x the expected value of satisfactions can be calculated. For instance, an increase in income will influence all Domain Satisfactions and General Satisfaction, directly (i.e. ln(income)), through the level (i.e. mean ln(income), and via the number of children (i.e.
ln(income)*ln(children+1)). Thus, changes on values of x have various effects on DS and on the GS (direct effect). We may distinguish for some variables a short term (shock) and a long term effect (level). Furthermore, the effect of the changes of x on the DS will have an impact on GS since DS are incorporated into the GS (indirect effects). It falls outside the aim of this paper to discuss in depth what different effects of specific variables teach us over and above the direct effects known in the literature. However, it will be clear that t his is a major potential application of the framework presented here and an important line of future enquiries.
